ABSTRACT: A comparative slaughter trial was conducted with 36 F 1 Nellore × Red Angus calves (12 steers, 12 bulls, and 12 heifers), averaging 274 kg of BW, to assess the net requirements of protein and energy for growth and maintenance. Three cattle from each group (i.e., steers, bulls, and heifers) were slaughtered at the beginning of the trial to determine the initial body composition. The remaining calves were randomly assigned to 1 of 3 treatments: maintenance (diet containing 70% of DM as corn silage fed at 1.2% of BW daily) or concentrate at 0.75 or 1.5% of BW daily with corn silage available for ad libitum consumption. The diets were isonitrogenous (2% N, DM basis). The experimental design provided ranges in ME intake, BW, and ADG for the development of regression equations to predict the maintenance requirements for NE and net protein (MRNE and MRNP, respectively) and the growth requirement for NE and net protein (GRNE and GRNP, respectively). After 84 d of growth, the cattle were slaughtered. The cleaned gastrointestinal tracts, organs, carcasses, heads, hides, tails, feet, blood, and tissues were weighed to measure empty BW (EBW). These parts were ground separately and subsampled for chemical analyses. For each animal within a period,
INTRODUCTION
The nutrient requirements recommended by NRC (2000) are widely adopted to formulate diets around 1 We thank the Coordenaçã o de Aperfeiçoamento de Pessoal de Nível Superior (CAPES, Brazil) and Fundaçã o de Amparo a Pesquisa de Minas Gerais (FAPEMIG, Brazil) for providing the financial support. the world. Nevertheless, the nutrient requirement equations were based on Bos taurus cattle, with adjustments to maintenance requirements for NE (MRNE) for Bos indicus breeds. Crossbred cattle (Bos indicus × Bos taurus) are an important component of beef production systems in several parts of the world, including tropical and subtropical regions. The availability and quality of meat depends on accurate information about energy and nutrient requirements for these breeding systems. According to the NRC (2000) , Bos indicus breeds of cattle require about 10% less energy for maintenance than beef breeds of Bos taurus cattle, with crossbreds being intermediate. Nevertheless, Contained 24% Ca; 17.4% P; 100 mg/kg Co; 1,250 mg/kg of Cu; 1,795 mg/kg of Fe; 2,000 mg/kg of Mn; 15 mg/kg of Se; 5,270 mg/kg of Zn; and 90 mg/kg of I. Tedeschi et al. (2002) , using data of 3 studies with Nellore (Bos indicus) steers and bulls, found maintenance requirements similar to those adopted by the NRC (2000) for Bos taurus breeds.
Additionally, it has been recognized that whether animals are castrates or intact males or females influences growth of body tissues, carcass composition, and efficiency of gain (Berg and Butterfield, 1976) , and the energy and nutrient requirements for maintenance (ARC, 1980) . The NRC (2000) also discussed the effect of sex on energy requirements for maintenance and growth, although few studies have compared groups under the same experimental conditions. The objective of this study was to use body composition data from a comparative slaughter trial of bulls, steers, and heifers of Nellore (Bos indicus) and Red Angus (Bos taurus) crossbreds fed high levels of forage to determine the energy and protein requirements for maintenance and growth.
MATERIALS AND METHODS

Animal and Management Description
The trial was conducted at the Federal University of Viçosa, in Brazil, with 36 F 1 Nellore × Red Angus calves (12 bulls, 12 steers, and 12 heifers). Humane animal care and handling procedures were followed, according to the guidelines of the Federal University of Viçosa (Brazil).
All calves were from the same sire (Red Angus). The average age and initial shrunk BW (SBW) were 14 to 16 mo and 275 ± 7 kg for bulls, 14 to 16 mo and 278 ± 8 kg for steers, and 12 to 14 mo and 228 ± 10 kg for heifers. The cattle were fed the same diet during 2 wk (75% corn silage and 25% concentrate C1, DM basis; Table 1 ) until the beginning of the experiment. The average initial DMI was 2.36 ± 0.35% of BW daily. The diet DM was formulated to be isonitrogenous (2% N and 12.5% CP) among treatments and consisted of corn silage and concentrate (Table 1) . The baseline cattle were composed of 3 randomly selected calves of each group (i.e., steers, bulls, and heifers). Three cattle of each group were randomly assigned to 3 treatments: fed at maintenance (1.2% of BW daily of a diet containing 70% corn silage and 30% concentrate C1, DM basis) or fed concentrate at 0.75 or 1.5% of BW daily with corn silage offered for ad libitum consumption. Calves fed at the maintenance level and at 0.75% of BW of concentrate daily received the concentrate C1, whereas calves fed at 1.5% of BW daily received the concentrate C2 (Table 1) ; concentrate C1 had greater content of CP and minerals than concentrate C2 to ensure a similar intake of these nutrients between cattle fed at 0.75 or 1.5% of BW of concentrate daily. The cattle were fed twice daily (at 0700 and 1600) in individual, sheltered pens. Feeds and orts were weighed daily, sampled, and frozen. There were 3 growing periods of 28 d, beginning after the slaughter of the baseline cattle. The cattle were weighed at the beginning and at the end of each period, during which animal performance and diet composition and digestibility were measured. A 14-d adaptation period was used to adapt cattle to the diets.
Diet Digestibility Determination
Digestion trials were conducted with all cattle in each period to determine diet DE. Indigestible ADF was used as a marker to estimate fecal DM excretion. Feces were collected at 0800 on d 15, at 1200 on d 17, and at 1600 on d 19 of each experimental period. The samples of feces, feeds (silage and concentrate), and orts of the week of the digestibility trial were dried at 60 to 65°C, ground to pass a 1-mm screen, and proportionally subsampled to a composite sample. The composite sample for each material (silage, concentrate, orts, and feces) was used to determine the ether extract (EE, by loss in weight of the dry sample upon extraction with diethyl ether in Soxhlet extraction apparatuses for 6 h; AOAC, 1990) , protein (N analysis via microKjeldahl using 0.3 g of sample; AOAC, 1990), NDF (Van Soest et al., 1991) , and ash (complete combustion in a muffle furnace at 600°C for 6 h; AOAC, 1990) . Nonfiber carbohydrates (NFC) were calculated as 100 − [(%CP − %CP from urea + % of urea) + %NDF + %EE + %ash] (Hall, 2000) , and apparent TDN was calculated as (CP intake − fecal CP) + (NDF intake − fecal NDF) + (NFC intake − fecal NFC) + [2.25 × (EE intake − fecal EE)] (Sniffen et al., 1992) .
Urinary N Excretion
Because total urinary output was not obtained in this study, urinary creatinine concentration was used as an indicator of urine output (Chizzotti et al., 2007) .
Urine samples were collected from all cattle on d 14 of the second experimental period, 4 h after feeding. Urinary N contents were analyzed as described above, but using 2 mL of sample. Commercial kits were used to analyze these samples for creatinine (No. 555-A; Sigma Chem. Co., St. Louis, MO). Urine volume was estimated using creatinine concentration as a marker and assuming a daily creatinine excretion of 27.8 mg/ kg of BW (Rennó, 2003) . Urinary N excretion was calculated as N content multiplied by the estimated urine volume.
Slaughter and Body Composition Techniques
Before slaughter, SBW was measured as the BW after 18 h without feed and water. At slaughter, cattle were stunned using a Cash knocker (GIL, Ribeirã o Preto, Brazil) and killed by exsanguination using conventional humane procedures. Blood was weighed and sampled. The body was separated into individual components, which were separately weighed. Included were internal organs (liver, heart, lungs, trachea, kidneys, reproductive tract, and spleen), cleaned digestive tract (rumen, reticulum, omasum, abomasum, and small and large intestines), tongue, tail, hide, head, feet, and carcass. The digestive tract was cleaned by emptying and flushing with water, and physically stripped. The carcass was split into 2 identical, longitudinal halves. After a 24-h chill, the whole, right half of the carcass was manually separated into bone, muscle, and fat. Head and feet were separated into bone, hide, and soft tissue. Internal organs, cleaned digestive tract, tail, and tongue were ground together. Muscle, fat, and soft tissues of head and feet were ground separately. Hide was sampled and cut into small pieces. Carcass, head, and feet bones were sawn into small pieces, homogenized, and proportionally sampled. Except for blood samples, which were dried at 60°C for 72 h, all other samples were dried at 105°C for 80 h for DM determination and partially defatted by washing with diethyl ether; the fat was computed by weight difference. Then, these samples were ground again in a ball mill (TE350, Tecnal, Piracicaba, Brazil) and analyzed for EE and N as described above.
Empty BW (EBW) was computed as the sum of the right and left halves of the warm carcass, hide, head, feet, tail, blood, cleaned gastrointestinal tract, and internal organs.
Data Calculation and Analyses
Prediction of Diet ME. The dietary DE was estimated as 4.409 Mcal/kg of TDN, and DE was converted to ME using an efficiency of 82% to convert DE to ME (NRC, 2000) . The 82% is consistent with the findings of Tedeschi et al. (2002) using Nellore cattle and a similar diet.
Calculation of Initial Body Composition.
The procedures used to compute energy retained and maintenance energy requirement were similar to those of Lofgreen and Garrett (1968) . The initial EBW was computed from SBW, and then initial empty body fat (EBF) and empty body protein (EBP) were estimated from EBW for each animal, using the average EBW, SBW, EBF, and EBP data from the baseline cattle of the appropriate group.
Net Requirement Calculations. Empty body gains of body components were calculated as the difference between initial and final weights of the respective body components, similar to the methods of Tedeschi et al. (2002) . The caloric values of retained fat and protein were assumed to be 9.367 and 5.686 Mcal/kg (Blaxter and Rook, 1953) Lofgreen and Garrett, 1968) . The maintenance requirement for ME (MRME) was calculated by iteration, assuming that the maintenance requirement is the value at which HP is equal to MEI (kcalؒkg −0.75 of EBWؒd −1 ). The efficiency of energy utilization for maintenance (K m ) was calculated as MRNE/ MRME. The slope of the regression of RE on MEI was assumed to be the efficiency of energy utilization for growth (K g ). Alternatively, we used the intercept divided by K g to compute MRME, which was then multiplied by K m to estimate MRNE. This second approach of calculating MRNE was compared with the MRNE estimated using the regression of the log of HP on MEI.
The maintenance requirement for net protein (MRNP, gؒkg −0.75 of EBWؒd −1 ) was calculated as 6.25 times the negative intercept of the linear regression of the N balance calculated by difference (N intake minus N excreted in feces and urine, gؒkg −0.75 of EBWؒ 
where a is the antilog of the intercept and b is the slope of the linear regression of the logarithm of RE (Mcalؒkg −0.75 of EBWؒd −1 ) on the logarithm of empty body gain (EBG, kg/d), and w is the antilog of the intercept and z is the slope of the linear regression of the logarithm of body protein (kg/kg of EBW) on the logarithm of EBW.
Statistical Analyses. Statistical analyses were performed using SAS (SAS Inst. Inc., Cary, NC). The analyses of intake, diet energetic concentration, performance, and body composition were performed with PROC GLM, using a 3 × 3 factorial design of diet (maintenance level or 0.75 or 1.5% of BW as concentrate daily) and group (bulls, steers, and heifers), as per the following statistical model:
where is the mean, α is the effect of diet, β is the effect of group, αβ is the interaction of diet and group, and ε is the random error. Outliers and systematic bias were identified using the plot of Studentized residuals against the predicted values (X-variable) and by the leverage and Cook's D coefficients (Neter et al., 1996) . At the end of the experiment, during the cleaning of a pen, 1 heifer was injured and, therefore, was removed from the data set.
The comparison of intercept and slope among diets and group was performed using PROC GLM with the SOLUTION statement and the sum of squares type 3. The interaction or the main effects were removed from the statistical model if, and only if, P > 0.05. The comparisons of means were performed using least squares means at P = 0.05. Table 2 shows the mean intake and digestibility of the nutrients. There were effects of group and diet on intake of all nutrients (kg/d). As expected, cattle fed at maintenance level had the lowest intake of all nutrients and the greatest diet DE concentration. Digestibility in the rumen is the result of the competition between digestion and passage rates, and passage rate is positively correlated with DMI (Van Soest, 1994) . Therefore, the lesser DMI of cattle on restricted intake likely resulted in a slower passage rate and a greater digestibility of the diet. Cattle fed at 0.75% of BW of concentrate daily had less (P = 0.01) DMI than cattle fed at 1.5% of BW as concentrate daily because their diets had a greater forage to concentrate ratio, which might have decreased the ruminal escape of DM and limited the intake by rumen filling effect (Allen, 1996) . Bulls had the greatest DMI (kg/d), but there were no differences (P = 0.85) among groups on DMI as a percentage of BW. Bulls had greater intakes (P = 0.04) of NFC than steers, but they had similar (P = 0.95) energy intake. Heifers had less intake than bulls and steers, probably due to their lighter mean BW. Table 3 shows the mean body composition for the baseline cattle of each group. The initial SBW and mean body composition was similar between bulls and steers, but heifers had lighter SBW and greater fat (% of EBW) than males, likely because the heifers were closer to their mature weight.
RESULTS AND DISCUSSION
Intake and Digestibility
Performance and Body and Gain Compositions
The growth performance, body composition, and energy balance data are shown in Table 4 . There was no interaction between group and diet for ADG. As expected, cattle of treatment 1.5% of BW as concentrate daily had greater performance than those fed 0.75% of BW as concentrate daily, which had greater ADG than cattle fed for maintenance. Bulls had greater ADG (P < 0.01) than steers and heifers. An interaction occurred between group and diet for EBG in that bulls receiving 1.5% of BW daily of concentrate had the greatest EBG. Bulls accumulate more protein and water and less fat in the gain than steers and heifers receiving the same diet (Berg and Butterfield, 1976) , justifying their greater EBG. Although the ADG of cattle on the maintenance diet indicated loss of weight, bulls, steers, and heifers had similar positive EBG, which was likely due to the differences in the gastrointestinal content between cattle of maintenance treatment and the baseline cattle. Fat content (% of EBW) demonstrated effects of group and diet; heifers had greater (P < 0.01) fat content than bulls and steers, and within diets fat content was greatest (P < 0.01) for cattle fed concentrate at 1.5% of BW daily and least for those fed to maintenance. For protein content (% of EBW), there was no effect (P = 0.28) of group, but protein content was different (P = 0.01) for diets within group in that those cattle on the ad libitum treatments (0.75 and 1.5% of BW daily of concentrate) had greater fat content and less protein in the empty body. These findings are in agreement with Ferrell and Jenkins (1998) , who also found less protein and greater fat content in steers fed ad libitum than in limit-fed steers.
Energy Requirement for Maintenance and Efficiency of Energy Utilization
Group had no effect on RE and HP (kcalؒkg −0.75 of EBWؒd −1 ), but RE and HP increased as cattle consumed more energy, indicating that HP increased as MEI increased. Turner and Taylor (1983) suggested that HP is greater in cattle with increased plane of nutrition mainly due to elevation of metabolism involved in the synthesis of RE. Similarly, Williams and Jenkins (2003) proposed that ME consumed above the maintenance requirement is associated with an elevation of vital functions (support metabolism) and that this HP is driven by amount of MEI.
The intercept and the slope of the regression of log of the HP on MEI as well as MRNE are shown in Table  5 . The exponential relationship between HP and MEI Distinct lowercase letters in the same row, within group, differ at P < 0.05 by least squares means for diet effect.
A-C Distinct capital letters in the same row differ at P < 0.05 by least squares means for group effect. are shown in Figure 1 . There were no differences (P = 0.06) in MRNE among groups; steers had a 9 and 13% lower MRNE than bulls and heifers, respectively. Ferrell and Jenkins (1998) for Brahman crossbreds was 82.8, which is 16% greater than our finding, but this divergence could be attributed to differences in environmental conditions. Tedeschi et al. (2002) also reported a greater MRNE of 77.2 kcalؒkg −0.75 of EBWؒd −1 for Nellore purebred cattle (348 kg of BW), but they also did not find differences between bulls (69.8) and steers (81.2) in MRNE.
The MRME estimated using the relationship between RE and MEI (Table 6 ) also indicated no difference (P = 0.39) in the MRME among groups. Nonetheless, the overall estimate of MRME was smaller than that determined based on the relationship between HP and MEI (91.8 vs. 100 kcalؒkg −0.75 of EBWؒd −1 ). Although not statistically different, steers tended (P = 0.06) to have MRME 17% less than bulls and 23% less than heifers. The NRC (2000) assumes that steers have MRNE 15% less than bulls, but does not account for differences between steers and heifers. The K m (Table  5 ) and K g values (Table 6) were not different (P = 0.24 and 0.26, respectively) among groups and were on average 71.3 and 51.9%, respectively. Similar values of K m and K g (69.9 and 52.7%, respectively) for steers were reported by Tedeschi et al. (2002) , but lower K m and K g (63.7 and 38.5%, respectively) were observed for bulls. Ferrell and Jenkins (1998) reported similar values of K m (ranging from 65 to 69%) and greater K g in crossbred Bos indicus × Bos taurus than in Bos taurus crossbred steers.
Table 4.
Effect of diet and group on performance, body composition, and energy balance ) calculated as the antilog of the intercept, MRME = maintenance requirement for ME (kcalؒkg −0.75 of EBWؒd ) calculated by iteration assuming heat produced is equal to ME intake at maintenance, and K m = efficiency of use of ME for MRNE (calculated as MRNE/MRME).
2
Two outliers were identified and removed from the calculations.
Protein Requirement for Maintenance
The mean values of intake, excretion, balance, and retention of N are presented in Table 7 . The intake, excretion, and balance of N (gؒkg −0.75 of EBWؒd −1 ) were not different among groups (P = 0.06, 0.15, and 0.56, respectively); however, as expected, they were affected by diet in that cattle in the maintenance treatment had lesser values than cattle fed concentrate at 0.75 or 1.5% of BW daily. There was an interaction between group and diet for retained N; cattle in the maintenance treatment had the smallest value, and bulls and heifers of treatments 0.75 and 1.5% of BW as concentrate daily retained more N (gؒkg (Figure 2 ). The MRNP is assumed to be the sum of endogenous urinary N, metabolic fecal N, and dermal (scurf and hair) N losses, multiplied by the factor 6.25 (NRC, 1985) . When N balance is regressed against N intake, the negative intercept (at zero N intake) provides an estimate of minimum N losses, of EBWؒd −1 . The Institute National de la Recherche Agronomique (INRA, 1988) used N balance studies to determine the maintenance requirement of 3.25 g of MPؒkg −0.75 of SBWؒd −1 . Similarly, Smuts (1935) determined a value of 3.52 g of MPؒkg −0.75 of SBWؒd −1 , which was close to our findings. Even though our MRMP value was similar to those values reported in the literature, the diets in our experiments were designed to be first limiting in energy, whereas protein is first limiting in experiments designed to determine protein requirements using the regression of N balance on N intake. Values are mean ± SE. RMSE = root of the mean square error, maintenance requirement for ME (MRME) was calculated as the ME intake when RE is equal to zero and K g (efficiency of use of ME for RE) was calculated as the slope of the regression of RE (kcalؒkg −0.75 of empty BWؒd
) on ME intake (kcalؒkg −0.75 of empty BWؒd
).
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Two outliers from the maintenance treatment were identified and removed from the calculations. Distinct letters in the same row, within group, differ at P < 0.05.
c-g
Distinct letters in the same row differ at P < 0.05. Alternatively, the MRNP was estimated as the intercept of the regression of retained N on N intake, which should be similar to the N losses at zero N intake. The estimated MRNP value was 0.50 g of Nؒkg −0.75 of EBWؒ d −1 or 3.09 g of CPؒkg −0.75 of EBWؒd −1 . Using this method, the MRNP was 22% greater than that calculated using the N balance data. The difference may be attributed to losses of N that are not accounted for by the N balance (e.g., scurf, hair, saliva N losses) and issues related to accurate measurements of urinary N based on creatinine as a marker. The scurf protein represents about 20% of the maintenance requirement of the ARC system (ARC, 1980) . Table 8 depicts the intercept and slope of the regression equations of logarithm of body fat, energy, and protein content on the logarithm of the EBW. As cattle grow the content of energy and fat increases, whereas the content of protein decreases in the EBG (Berg and Butterfield, 1976) . There were differences (Table 8 ) on the rate of fat deposition in which the percentage of fat in the EBG was greater (P = 0.03), on a decreasing order, in steers, heifers, and then bulls, for cattle weighing more than 360 kg. The coefficients to predict the GRNE from the RE are listed in Table 9 . The coefficient a of the nonlinear regression to predict the RE was less (P < 0.01) for bulls than for steers and heifers (0.0482 vs. 0.0575 and 0.0603); therefore, the GRNE (Mcalؒkg −0.75 of EBWؒ d −1 ) for steers and heifers were greater than for bulls. Figure 3 illustrates the difference between bulls and the pooled data of heifers and steers for the relationship between RE and EBG. According to NRC (2000) , heifers and bulls with similar parents as the steers have 18% greater and lesser, respectively, GRNE at the same weight and rate of gain. We concluded that steers and heifers had similar GRNE and that bulls had 18.7% lesser GRNE than steers and heifers. Nonetheless, the GRNE of bulls, steers, and heifers were 24, 27, and 44% less than proposed by the NRC (2000), probably due to differences in RE in gain between purebred Bos taurus and Bos taurus × Bos indicus crossbreds. This is likely due to changes in the fat depots among breeds (more internal vs. carcass fat for Bos indicus). The b coefficient was not different (P = 0.90) among groups; it was 1.081, which is close to the 1.097 reported by Lofgreen and Garrett (1968) and adopted by the NRC (2000) . This suggests the greater the EBG the greater is the RE in the EBG.
Energy Requirement for Growth
Protein Requirement for Growth
The protein deposition in the empty body has been estimated using the rate of ADG and the composition of the gain (NRC, 2000) . The composition of the gain depends on physiological maturity of the cattle, which is affected by group and breed (NRC, 1984) . Although not significantly different among groups (Table 8) , steers had GRNP that were 14 and 17% less than those of bulls and heifers, respectively. This tendency is in Within a column, means without a common superscript letter differ (P < 0.05).
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Values are mean ± SE. RMSE = root of the mean square error. One outlier from the maintenance treatment was identified and removed from the data set of bulls and steers.
contrast with the findings reported by Robelin and Daenicke (1980) , who evaluated the effect of sex on body composition and found the percentage of protein in the EBG of steers and heifers was 10% less than in bulls. Our finding was because cattle had similar BW, but different body chemical composition, likely due to different degrees of maturity, which would affect the composition of the gain and the requirements for protein (Owens et al., 1995) .
The percentage of RE deposited as protein (RE p ) increased as content of RE in the gain (RE c , Mcal/kg of EBG) decreased (Figure 4) , suggesting that RE p can be used to compute the partial efficiency of ME to NE for growth (Williams and Jenkins, 2003; Tedeschi et al., 2004) . No differences (P = 0.81) among groups oc- Different letters in the same column differ at P < 0.05. curred; the RE p equation of the pooled data was 46.5 × e −0.2463 × RE c (R 2 = 0.67). Geay (1984) found that RE p was greater for bulls than for heifers and decreased as the RE increased; however, Tedeschi et al. (2002) did not detect differences between bulls and steers. The equation developed by Tedeschi et al. (2004) for Nellore bulls and steers overpredicts the RE p , likely due to the greater fat content and consequent lesser protein content of the EBG of Nellore × Red Angus crossbreds. This finding is in agreement with the discussion above, regarding the possible differences in maturity degree of our cattle compared with other studies.
IMPLICATIONS
The requirement of net energy for maintenance was similar for bulls, steers, and heifers. Our findings supported the hypothesis that Bos indicus × Bos taurus crossbreds might have a lesser maintenance requirement for net energy than Bos taurus purebreds. The growth requirement for NE was less for bulls than for steers and heifers. Although the energy retained as protein was negatively correlated with the concentration of energy in the empty weight gain, our data indicated no differences in growth requirement for net protein for bulls, steers, and heifers of Nellore × Red Angus crossbreds.
